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(54) NOZZLE INSERT, NOZZLE DEVICE WITH A NOZZLE INSERT, AND METHOD FOR 
MANUFACTURING A NOZZLE INSERT

(57) The invention relates to a nozzle insert (5) for a
nozzle device (1) for an airjet weaving machine, compris-
ing a tubular main body (7) with an inlet end (8), an outlet
end (9), and a weft channel (10) extending form the inlet
end (8) towards the outlet end (9), wherein the outlet end
(9) is provided with three or more notches (20), such that
protrusions (21) extending in an axial direction of the tu-

bular main body (7) are formed at the outlet end (9), and
wherein the protrusions (21) are sloped with respect to
an adjoining segment of the tubular main body (7) to-
wards a centerline (25) of the tubular main body (7). The
invention further relates to a nozzle device (1), and to a
method for manufacturing a nozzle insert (5).
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Description

TECHNICAL FIELD AND PRIOR ART

[0001] The invention relates to a nozzle insert for a
nozzle device of an airjet weaving machine. The inven-
tion further relates to a nozzle device, and to a method
for manufacturing a nozzle insert.
[0002] Nozzle devices, also referred to as insertion
nozzle devices, having a channel and a nozzle insert
arranged in said channel, which nozzle devices are used
to insert weft threads into a shed of a weaving machine
are well known in the prior art. Nozzle inserts typically
have a tubular main body with an inlet end, an outlet end,
and a weft channel extending form the inlet end towards
the outlet end, via which weft channel the weft thread is
supplied for an insertion. The air used for transporting
the weft thread is supplied via the channel, in which the
nozzle insert is arranged. Nozzle devices can have a
number of channels, for example two, four, six or eight
channels.
[0003] For example, US5697405 describes a nozzle
device with a nozzle insert, wherein the nozzle insert is
provided with several protrusions at an outlet end of the
nozzle insert. Nozzle devices with notches between the
protrusions allow catching ends of cut-off or broken weft
threads for preventing a weft thread from "jumping back"
(this means moving in a direction opposite to an insertion
direction) into the nozzle insert or even out of the nozzle
insert after the inserted weft thread is cut-off. However,
providing nozzle inserts with notches and protrusions at
an outlet end may impair a weft insertion speed. There-
fore, any advantages of possibly preventing a pulling
back using such prior art nozzle inserts are not sufficient
for justifying the disadvantages during the weft insertion.

SUMMARY OF THE INVENTION

[0004] It is an object of the invention to provide a nozzle
insert for a nozzle device of an airjet weaving machine
allowing to prevent a pulling back of a weft thread while
reducing or avoiding an impair of an airflow in the nozzle
device. Further objects are to provide a nozzle device
with such a nozzle insert and a method for manufacturing
a nozzle insert.
[0005] According to a first aspect, a nozzle insert for a
nozzle device for an airjet weaving machine is provided,
the nozzle insert comprising a tubular main body with an
inlet end, an outlet end, and a weft channel extending
form the inlet end towards the outlet end, wherein the
outlet end is provided with three or more notches, such
that protrusions extending in an axial direction of the tu-
bular main body are formed at the outlet end, and wherein
the protrusions are sloped with respect to an adjoining
segment of the tubular main body towards a centerline
of the tubular main body.
[0006] In the context of the application, the expression
"sloped with respect to an adjoining segment of the tu-

bular main body" describes an arrangement of the pro-
trusions such that a bend or kink is formed at a transition
between the adjoining segment and the protrusions at
least at an outer surface of the tubular main body. In
embodiments, the protrusions are sloped with respect to
the adjoining segment of the tubular main body such that
a bend or kink is formed at transitions between the ad-
joining segment and the protrusions at the outer surface
of the tubular main body and at an inner surface of the
tubular main body, i.e. at the weft channel extending
through the tubular main body.
[0007] When providing sloped protrusions, a cross
section of an annular ring provided between the nozzle
insert and a channel, in which the nozzle insert is ar-
ranged, is increased at a transition between the protru-
sions and the adjoining section of the tubular main body.
Hence, in an area of a smallest cross section, upstream
of the protrusions, the tubular main body has a smooth
surface. Hence, an airflow is less disturbed compared to
prior art devices having protrusions extending the adjoin-
ing section without any bend or kink. At the same time,
catching cut-off weft threads is improved due to the
sloped arrangement of the protrusions towards the cen-
terline of the weft channel.
[0008] In an embodiment, three or four protrusions are
provided. In other embodiments, a larger number of pro-
trusions, for example five or more protrusions is provided.
[0009] In an embodiment, the outlet end is provided
with four evenly distributed notches. Providing four notch-
es allows a reliable production of the sloped protrusions
and has shown to be sufficient for reliably catching cut-
off weft threads.
[0010] In an embodiment, the tubular main body has
a conical segment adjoining the protrusions, wherein an
outer diameter of the conical segment decreases towards
the outlet end, and wherein an outer angle of the conical
segment with respect to the centerline of the tubular main
body is smaller than an outer angle of the protrusions
with respect to the centerline of the tubular main body.
In other words, the conical segment and the protrusions
each are tapered towards the distal end of the tubular
main body, wherein a taper angle of the protrusions is
larger than the taper angle of the conical segment.
[0011] In an embodiment, upstream of the conical seg-
ment the tubular main body has a constant diameter seg-
ment with several radially protruding fins. The radial pro-
truding fins provide a correct positioning of the tubular
main body in the channel of the nozzle device and allow
a guidance of air around the tubular main body.
[0012] In an embodiment, the tubular main body has
radially protruding fins, in particular four radially protrud-
ing fins. In embodiments, the radially protruding fins are
offset to the protrusions at the outlet end in a circumfer-
ential direction. In other embodiments, the radially pro-
truding fins are aligned in the circumferential direction
with protrusions provided at the outlet end. This align-
ment is advantageous for a guidance of air through the
nozzle device towards the weft thread.
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[0013] In an embodiment, a separate top piece is pro-
vided at a front end of the tubular main body, wherein
the notches and protrusions are provided in the separate
top piece. The top piece is attached fixedly or replaceably
to the tubular main body. In other embodiments, the pro-
trusions are formed integrally with the tubular main body.
[0014] In an embodiment, the protrusions have a trap-
ezoidal or triangular form, i.e. a width of the protrusions
in the circumferential direction decreases towards the
distal end. With this design, an interference of the sloping
protrusions is avoided.
[0015] According to a second aspect a nozzle device
for an airjet weaving machine is provided, the nozzle de-
vice having a channel and a nozzle insert comprising a
tubular main body with an inlet end, an outlet end, and a
weft channel extending form the inlet end towards the
outlet end, wherein the outlet end is provided with three
or more notches, such that protrusions extending in an
axial direction of the tubular main body are formed at the
outlet end, wherein the protrusions are sloped with re-
spect to an adjoining segment of the tubular main body
towards a centerline of the tubular main body, and where-
in the nozzle insert is arranged in the channel.
[0016] Throughout this application and the claims, the
indefinite article "a" or "an" means "one or more". In par-
ticular, the nozzle device in embodiments has several
channels, wherein in each channel a nozzle insert is ar-
ranged.
[0017] In an embodiment, a cross section of an annular
ring formed around the protrusions of the nozzle insert
arranged in the channel increases towards a free end of
the protrusions. Hence, outside the protrusions, an air-
flow is decelerated in the insertion direction.
[0018] In embodiments, the channel has a larger di-
ameter section, a smaller diameter section, and a conical
section extending between the larger diameter section
and the smaller diameter section, wherein the protrusions
are surrounded by the conical section and/or the smaller
diameter section.
[0019] In case the protrusions are surrounded by the
conical section and/or the smaller diameter section, an
outer angle of the conical section with respect to the cen-
terline of the tubular main body is smaller than an outer
angle of the protrusions with respect to the centerline of
the tubular main body, such that a cross section of an
annular ring formed around the protrusions of the nozzle
insert arranged in the channel increases towards a free
end of the protrusions.
[0020] According to a third aspect, a method for man-
ufacturing a nozzle insert having three or more sloped
protrusions provided at the outlet end is provided, where-
in the method comprises deforming the protrusions for
forming protrusions that are sloped with respect to an
adjoining segment of the tubular main body towards the
centerline of the tubular main body. In other words, ac-
cording to this method, at a nozzle insert having protru-
sions extending the adjoining segment, in particular a
conical adjoining segment, the protrusions are subse-

quently deformed with respect to the adjoining segment.
[0021] In an embodiment, for deforming the protru-
sions, a caliber having a conical recess is used. In the
context of the invention, the expression caliber is used
for describing a die, which die is similar to a neck sizing
die, having main body with a boring into which the nozzle
insert is inserted for deforming the protrusions.
[0022] In an embodiment, the protrusions are formed
by machining the tubular main body, in particular, in em-
bodiments the protrusions are cut into an outlet end of
the tubular main body.
[0023] Although the method described above is advan-
tageous for manufacturing the nozzle insert, the invention
is not limited to this manufacturing method.
[0024] For example, according to an alternative em-
bodiment, a nozzle insert having sloped protrusions is
manufactured using an additive manufacturing process,
for example 3D printing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] In the following, embodiments of the invention
will be described in detail with reference to the drawings.
Throughout the drawings, the same elements will be de-
noted by the same reference numerals.

Fig. 1 shows a sectional view of an embodiment of a
nozzle device with a nozzle insert;

Fig. 2 shows a detail II of the nozzle device of Fig. 1;

Fig. 3 shows in a side view the nozzle insert of the
nozzle device of Fig. 1;

Fig. 4 shows in a sectional side view the nozzle insert
of Fig. 3;

Fig. 5 shows in a perspective view the nozzle insert
of Fig. 3;

Fig. 6 shows in a front view the nozzle insert of Fig. 3;

Fig. 7 shows in a front view a nozzle insert of a second
embodiment similar to Fig. 6; and

Fig. 8 shows a tool used for manufacturing the nozzle
insert of Fig. 3 or 7.

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION

[0026] Fig. 1 shows a nozzle device 1 for inserting a
weft thread 2 into a shed of an airjet weaving machine
(not shown). Fig. 2 shows a detail of the nozzle device 1
of Fig. 1. Figs. 3 to 6 show a nozzle insert 5 for the nozzle
device 1 of Fig. 1 in several views in isolation.
[0027] The nozzle device 1 shown in Fig. 1 comprises
a housing 3 and several channels 4. The nozzle device
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1 for example has a number of channels 4, wherein in
the sectional view of Fig. 1 two channels 4 are visible.
The nozzle device 1 in embodiments has four channels
4. In other embodiments it has more or less than four
channels 4. In each channel 4, a nozzle insert 5 and an
outlet tube 6 are arranged. The outlet tube 6 is arranged
in the channel 4 downstream of the nozzle insert 5 in an
insertion direction 18 indicated by an arrow. The insertion
direction 18 extends in the axial direction of the tubular
main body 7 or in the direction of the weft thread 2.
[0028] The nozzle insert 5 shown in Figures 1 to 6 has
tubular main body 7 with an inlet end 8, an outlet end 9,
and a weft channel 10 extending form the inlet end 8
towards the outlet end 9.
[0029] In the embodiment shown, the outlet tube 6 is
arranged downstream of the nozzle insert 5 and at a dis-
tance from the outlet end 9 of the nozzle insert 5. In other
embodiments, the outlet end 9 of the nozzle insert 5 ex-
tends into the outlet tube 6. In still other embodiments,
an intermediate piece having a channel is provided be-
tween the nozzle insert 5 and the outlet tube 6, wherein
the outlet end 9 of the nozzle insert 5 extends into a first
section of the channel of the intermediate piece and the
outlet tube 6 is placed in a second section of the channel
of the intermediate piece.
[0030] The nozzle device 1 shown in Fig. 1 has several
channels 4 for forming several weft insertion nozzles,
and allows several weft threads 2 to be supplied simul-
taneously or at different times. In each channel 4, a noz-
zle insert 5 is arranged. In preferred embodiments, all
nozzle inserts 5 of the device 1 are identical in design.
However, in other embodiments the nozzle device com-
prises several nozzle inserts 5, wherein the nozzle inserts
differ in design. In still another embodiment, a nozzle
device is provided, which is configured for the insertion
of one weft thread 2, wherein the nozzle device 1 com-
prises exactly one nozzle insert 5 arranged in one chan-
nel 4.
[0031] In the embodiment shown, the weft channel 10
has a circular cross section. At the inlet end 8, a guiding
ring 12 is arranged inside the weft channel 10. The outlet
end 9 is provided in the embodiment shown with four
notches 20 (see Figs. 2 to 5), such that protrusions 21
extending in an axial direction of the tubular main body
7 are formed at the outlet end 9, which will be described
in more detail below.
[0032] Downstream of the guiding ring 12, in an entry
section 11 of the weft channel 10, a diameter of the weft
channel 10 decreases. Between the entry section 11 of
the weft channel 10 and the protrusions 21 provided at
outlet end 9, the diameter of the weft channel 10 is con-
stant.
[0033] The channel 4, in which the nozzle insert 5 is
provided, has a larger diameter section 13, a smaller di-
ameter section 14, arranged downstream of the larger
diameter section 13 in the insertion direction 18, and a
conical section 15 extending between the larger diameter
section 13 and the smaller diameter section 14.

[0034] At the larger diameter section 13, a duct 16 for
a supply of compressed air to the channel 4 is formed in
the housing 3, wherein as schematically shown by arrows
17 in Fig. 2, the compressed air flows around the nozzle
insert 5 towards the outlet end 9 of the nozzle insert 5.
Downstream of the outlet end 9, the compressed air in-
teracts with the weft thread 2 and forces the weft thread
2 to move in the insertion direction 18. When using high
air pressures, a secondary air flow 26 (schematically in-
dicated as an arrow in Fig, 1) is flowing through the weft
channel 10. When using low air pressures, a small air
flow can be sucked through the weft channel 10.
[0035] A sealing ring 19 is provided at the nozzle insert
5 for sealing the nozzle insert 5 against the housing 3.
[0036] As can be best seen in Fig. 6, the outlet end 9
of the nozzle insert 5 is provided with at least three, in
the embodiment shown with four notches 20, such that
four protrusions 21 extending in the axial direction of the
tubular main body 7 of the nozzle insert 5 are formed at
the outlet end 9. In the embodiment shown, the notches
20 are cut into the tubular main body 7. In other embod-
iments, the notches 20 are formed when forming the tu-
bular main body 7, for example when forming the tubular
main body 7 by 3D printing or other additive manufactur-
ing methods. In still other embodiments, an adapter hav-
ing notches and protrusions is provided, which is fixed
to the tubular main body 7.
[0037] The protrusions 21 are sloped with respect to
an adjoining segment of the tubular main body 7 towards
a centerline 25 of the tubular main body 7, such that free
or distal ends of the protrusions 21 are located closer to
the centerline 25 of the nozzle insert 5 than opposite ends
of the protrusions 21. In the embodiment shown, the ad-
joining segment is a conical segment 23. The centerline
25 of the tubular main body 7 extends in the axial direction
of the tubular main body 7 of the nozzle insert 5.
[0038] In order to form the sloped protrusions 21, in
embodiments after cutting the notches 20 out of the tu-
bular main body 7, the protrusions 21 are deformed such
that a bend or kink is formed at a transition between the
adjoining segment, i.e. the conical segment 23 in the em-
bodiment shown, and the protrusions 21 at an outer sur-
face of the tubular main body 7 and in the weft channel
10. In other embodiments, in particular when forming the
protrusions 21 in an additive manufacturing method, the
weft channel has no bend or kink and only at an outside
surface of the tubular main body 7 a bend or kink is pro-
vided. In still other embodiments, a bend or kink is formed
at a transition region in the weft channel also when using
an additive manufacturing process in order to minimize
a thickness decrease of the protrusions towards the distal
end.
[0039] In the embodiment shown, the protrusions 21
have a trapezoidal or triangular shape, so that a width of
the protrusions 21 decreases towards the free or distal
end in order to avoid any interference of adjacent protru-
sions 21 due to a sloped arrangement of the protrusions
21. An outer angle B of the protrusions 21, i.e. an outer
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angle A of the outer surface of the protrusions 21, with
respect to the centerline 25 of the tubular main body 7,
also referred as angle of slope, (see Fig. 2) and a length
of the protrusions 21 are adapted to the circumstances
in order to ensure that the free ends of the protrusions
21 do not touch each other and to ensure that an opening
22 is formed at the outlet end 9, which is sufficiently large
to allow a weft thread 2 to move in the insertion direction
18 to pass the opening 22 without being caught by the
protrusions 21.
[0040] The nozzle insert 5 shown in the Figures 1 to 6
is provided with several, more particular four radially pro-
truding fins 24 forming four air guiding passages for guid-
ing the compressed air supplied via the duct 16 to the
nozzle insert 5. For the lower nozzle insert 5 of Fig. 1 the
air is only guided via a duct 16, while for the upper nozzle
insert 5 of Fig. 1 the air is guided via the duct 28 around
the outlet tubes 6, the duct 27 and the duct 16. Each
nozzle insert 5 is fixed to the housing 3 by a bolt 29. The
radially protruding fins 24 are arranged in the larger di-
ameter section 13 of the channel 4. Between the radially
protruding fins 24 and the protrusions 21 at the outlet end
9, the nozzle insert 5 is provided with the conical segment
23, wherein in the conical segment 23 an outer diameter
of the nozzle insert 5 decreases towards the outlet end
9. The nozzle insert 5 is arranged in channel 4 such that
the conical segment 23 and the protrusions 21 are sur-
rounded by the conical section 15 of the channel 4. An
outer angle A of the conical segment 23, i.e. the outer
angle A of the outer surface of the conical segment 23,
with respect to the centerline 25 is smaller than the outer
angle B of the protrusions 21 with respect to the centerline
25.
[0041] In the embodiment shown, as shown in Fig. 2
an inner angle C of the conical section 15 of the channel
4, i.e. the inner angle C of the inner surface of the conical
section 15, is larger than the outer angle A of the conical
segment 23 of the nozzle insert 5 such that - in the in-
sertion direction 18 - a cross section of an annular ring
30 formed between the nozzle insert 5 and the housing
3 decreases with the decrease of the outer diameter of
the nozzle insert 5 along the conical segment 23. In an
alternative embodiment (not shown), an inner angle C of
the conical section 15 of the channel 4 is equal to the
outer angle A of the conical segment 23 of the nozzle
insert 5. However, the inner angle C of the conical section
15 of the channel 4 is smaller than the outer angle B of
the protrusions 21 such that - in the insertion direction
18 - a cross section of the annular ring 30 formed between
the nozzle insert 5 and the housing 3 increases with a
decrease of the outer diameter of the nozzle insert 5
along the protrusions 21.
[0042] When the compressed air reaches the outlet
end 9, the compressed air is expanded. The protrusions
21, which are sloped towards the centerline 25 of the
nozzle insert 5, allow the compressed air to expand in
an area outside of the protrusions 21. By providing pro-
trusions 21, which are sloped towards the centerline 25

of the nozzle insert 5, turbulences in the flow of com-
pressed air can be avoided or at least reduced.
[0043] When a supply of compressed air through the
associated channel 4 is interrupted, and the weft thread
2 after an insertion and a beat-up is cut-off, a cut-off end
of the weft thread 2 that - for example due to an elasticity
of the weft thread 2 - moves backwards, i.e. opposite to
the insertion direction 18, can be caught in one of the
notches 20. As due to the sloped arrangement of the
protrusions 21, a size of the opening 22 is decreased
compared to a design having straight protrusions 21, the
cut-off ends of the weft thread 2 can be reliably caught
in the notches 20.
[0044] Further, due to the decreased size of the open-
ing 22 resulting from a sloped arrangement of the pro-
trusions 21, the secondary airflow 26 through the weft
channel 10 can be decreased compared to a design hav-
ing straight protrusions 21. Thereby, an amount of air
flowing through the weft channel 10 can be decreased,
which is advantageous for the weft insertion speed.
[0045] As best seen in Fig. 6, in the embodiment shown
in Figs. 1 to 6, the four radially protruding fins 24 provided
at the tubular main body 7 are aligned in a circumferential
direction with the four protrusions 21 provided at the out-
let end 9.
[0046] Fig. 7 shows in a front view a nozzle insert 5 of
a second embodiment, which is similar to the nozzle in-
sert 5 shown in Figs. 1 to 6 and also provided with four
sloped protrusions 21. In contrast to the embodiment
shown in Figs. 1 to 6, according the second embodiment,
the four radially protruding fins 24 provided at the tubular
main body 7 are offset by 45° in a circumferential direction
with respect to the four protrusions 21 provided at the
outlet end 9.
[0047] Fig. 8 shows a tool used for manufacturing the
nozzle insert 5 of Fig. 6 or Fig. 7, in particular for deform-
ing the protrusions 21, such that the protrusions 21 are
sloped with respect to the adjoining segment of the tu-
bular main body 7.
[0048] The tool shown in Fig. 8 is a caliber 100, having
main body 101 with a boring 102 into which the nozzle
insert 5 (see Fig. 3) is inserted for deforming the protru-
sions 21. A form of the boring 102 is adapted to the outer
shape of the nozzle insert 5. At a portion of the boring
102, which receives the protrusions 21 of the nozzle in-
sert 5, a conical recess 103 is provided. The nozzle insert
5 is pushed into the boring 102, such that the protrusions
21 provided at the outlet end 9 are deformed by means
of the conical recess 103. In order to avoid an unintended
deformation of the weft channel 10 inside the nozzle in-
sert 5 (see Figs. 1 to 7), in embodiments a mandrel (not
shown) is used, which is inserted in the weft channel 10
of the nozzle insert 5 before deforming the protrusions 21.
[0049] The caliber 100 allows for a simple manufactur-
ing of nozzle inserts 5 having sloped protrusions at an
outlet end 9. However, the invention is not limited to noz-
zle inserts 5 manufactured using a caliber 100.
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Claims

1. Nozzle insert for a nozzle device (1) for an airjet
weaving machine, comprising a tubular main body
(7) with an inlet end (8), an outlet end (9), and a weft
channel (10) extending form the inlet end (8) towards
the outlet end (9), wherein the outlet end (9) is pro-
vided with three or more notches (20), such that pro-
trusions (21) extending in an axial direction of the
tubular main body (7) are formed at the outlet end
(9), characterized in that the protrusions (21) are
sloped with respect to an adjoining segment of the
tubular main body (7) towards a centerline (25) of
the tubular main body (7).

2. The nozzle insert according to claim 1, character-
ized in that the outlet end (9) is provided with four
evenly distributed notches (20).

3. The nozzle insert according to claim 1 or 2, charac-
terized in that the tubular main body (7) has a con-
ical segment (23) adjoining the protrusions (21),
wherein an outer diameter of the conical segment
(23) decreases towards the outlet end (9), and
wherein an outer angle (A) of the conical segment
(23) with respect to the centerline (25) of the tubular
main body (7) is smaller than an outer angle (B) of
the protrusions (21) with respect to the centerline
(25) of the tubular main body (7).

4. The nozzle insert according to claim 3, character-
ized in that upstream of the conical segment (23)
the tubular main body (7) has a constant diameter
segment with several radially protruding fins (24).

5. The nozzle insert according to claim 4, character-
ized in that the tubular main body (7) has radially
protruding fins (24), in particular four radially protrud-
ing fins (24), wherein the radially protruding fins (24)
are aligned in a circumferential direction with the pro-
trusions (21) provided at the outlet end (9).

6. The nozzle insert according to any one of claims 1
to 5, characterized in that the protrusions (21) are
formed integrally with the tubular main body (7).

7. The nozzle insert according to any one of claims 1
to 6, characterized in that the protrusions (21) have
a trapezoidal or triangular form.

8. Nozzle device for an airjet weaving machine, the
nozzle device (1) having a channel (4), character-
ized in that the nozzle device (1) further comprises
a nozzle insert (5) according to any one of claims 1
to 7, wherein the nozzle insert (5) is arranged in the
channel (4).

9. The nozzle device according to claim 8, character-

ized in that a cross section of an annular ring (30)
formed around the protrusions (21) of the nozzle in-
sert (5) arranged in the channel (4) increases to-
wards a free end of the protrusions (21).

10. The nozzle device according to claim 8 or 9, char-
acterized in that the channel (4) has a larger diam-
eter section (13), a smaller diameter section (14),
and a conical section (15) extending between the
larger diameter section (13) and the smaller diameter
section (14), wherein the protrusions (21) are sur-
rounded by the smaller diameter section (14) and/or
the conical section (15).

11. The nozzle device according to claim 10, character-
ized in that an outer angle (A) of the conical section
(15) with respect to the centerline (25) of the tubular
main body (7) is smaller than an outer angle (B) of
the protrusions (21) with respect to the centerline
(25) of the tubular main body (7), such that a cross
section of an annular ring (30) formed around the
protrusions (21) of the nozzle insert (5) arranged in
the channel (4) increases towards a free end of the
protrusions (21).

12. Method for manufacturing a nozzle insert according
to any one of claims 1 to 7 having three or more
protrusions (21) provided at the outlet end (9), char-
acterized in that the method comprises deforming
the protrusions (21) for forming protrusions (21) that
are sloped with respect to an adjoining segment of
the tubular main body (7) towards the centerline (25)
of the tubular main body (7).

13. The method for manufacturing a nozzle insert ac-
cording to claim 12, characterized in that a caliber
(100) having a conical recess (103) is used for de-
forming the protrusions (21).

14. The method for manufacturing a nozzle insert ac-
cording to claim 12 or 13, characterized in that the
protrusions (21) are formed by machining the tubular
main body (7).

15. Method for manufacturing a nozzle insert according
to any one of claims 1 to 7 having three or more
protrusions (21) provided at the outlet end (9), char-
acterized in that the nozzle insert (5) is manufac-
tured using an additive manufacturing process.

9 10 



EP 4 442 876 A1

7



EP 4 442 876 A1

8



EP 4 442 876 A1

9



EP 4 442 876 A1

10



EP 4 442 876 A1

11



EP 4 442 876 A1

12

5

10

15

20

25

30

35

40

45

50

55



EP 4 442 876 A1

13

5

10

15

20

25

30

35

40

45

50

55



EP 4 442 876 A1

14

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 5697405 A [0003]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

